Abstract: Investigations of factors relating to recovery from childhood stuttering are usually based on univariate analysis. Due to this, these factors may not be properly understood, because the relationship between a specific characteristic and recovery from stuttering may be confounded by other factors, or because the relationship between a characteristic and recovery may differ according to whether the subject possesses another factor concurrently. We conducted a longitudinal study of stuttering children who received treatment at stuttering treatment facilities and performed a multivariate analysis by sex and time from onset. We examined the associations between recovery and pre-treatment characteristics by following 97 stuttering children (average age at first consultation at a research institute, 55.7 months; range, 24-111 months) who received stuttering treatment from speech-language-hearing therapists in 14 stuttering treatment facilities. The average time from onset until recovery or end of observation was 36.0 months (range, 5-83 months). Characteristics associated with recovery from stuttering on univariate analysis were simultaneously entered into a proportional hazards model. In this model, stuttering developmental phase was identified as a factor independently related to recovery on analysis of all subjects and analysis by sex. On analysis by time from onset, pre-treatment characteristics were associated with recovery only in the group that received consultations at a stuttering treatment facility within 24 months of onset. An onset age of 24 months or earlier, female sex and a stuttering developmental phase of 1 were found to be associated with a high recovery rate in a mutually independent manner. The period when predictive factors of stuttering recovery can be observed is within 24 months of onset; prognosis for stuttering treatment begun within this time frame can be predicted based on onset age, sex, and pre-treatment developmental phase.
The cumulative incidence of childhood stuttering is 4.99% by 3 years of age and 5.19% by 9 years of age 1) .
The recovery rate is between 62% and 79% 2,3) and may reflect the maturation of speech-motor control mechanisms 4) . Recovery from childhood stuttering usually occurs within 24 months of onset, with recovery becoming more difficult after 24 months 1, 5) . Kalinowski and Saltuklaroglu 6) reported that there are no personal characteristics that indicate whether subjects will recover from childhood stuttering.
However, several other studies have reported characteristics related to recovery from childhood stuttering. Riper 7) and Conture 8) reported that stuttering can easily become chronic if the main symptoms are blocks and prolongations. Yairi 3) reported that, compared to the recovered group, the persistent group had a 5-to 8-month-older onset age, a longer time between onset and first consultation, and lower scores for comprehension and expressive ability in developmental testing. Also, boys tend to have a lower recovery rate than girls [9] [10] [11] , although this difference did not reach a significant level.
In previous research, associations between characteristics of stuttering children and recovery were investigated using univariate analysis, which ignores the influence of other characteristics.
Because of this, there is the possibility that reported associations may be confounded by other factors. In addition, it is unclear whether the relationship of a characteristic to recovery differs depending on the concurrent presence or absence of another factor.
I n t h i s l o n g i t u d i n a l s t u d y , p r e -t r e a t m e n t characteristics of stuttering children were surveyed at the time of first consultation at facilities where speech-language-hearing therapists treat stuttering.
Characteristics studied include sex, onset age, time from onset, history of counseling for stuttering, age and condition of stuttering at time of consultation, and type of therapy. The condition of stuttering was followed, and the association between recovery from stuttering and each characteristic was examined after adjusting for mutual influence. In addition, taking sex as a non-modifiable factor and time from onset as a modifiable factor, we investigated whether characteristics related to recovery from stuttering differed according to levels of each factor (male/ female; time from onset <24 months/>25 months).
Based on the results of these investigations, it was clarified whether there are characteristics that can provide information useful to speech-languagehearing therapists in predicting the prognosis of treatment in stuttering children. .
Numerical variables were divided into two categories as follows. Calendar date of first consultation was divided at the median. Onset age was divided at the month of 24 because a previous study reported that the youngest onset age of the subjects with persistent stuttering was 24 months 1) .
Age at first consultation was divided at 36 months because the previous study reported that the mean age of the first consultation for the subjects who recovered from stuttering was 36 months by the attending speech-language-hearing therapist to be recovered.
Of the items surveyed, developmental test results
were excluded from the variables analyzed because only 37 subjects received developmental tests (38.1%
of subjects analyzed).
The observation period for the subjects was measured from the date of first consultation at a collaborating research institution. The date of end of the observation was defined as follows: the date of recovery for a subject who was judged to be recovered, the date of the last consultation with a speech-language-hearing therapist for a subject with whom the therapist could not make contact, and the examined date (May 11, 2009) for a subject who was still under treatment at the end of this research.
For univariate analysis, recovery rates were compared between categories for each variable, and differences were analyzed using a log-rank test. For multivariate analysis, a proportional hazards model was used to calculate the ratio of recovery rates, which reveals the relationship between each variable and recovery, while adjusting for the mutual influences of the variables.
After analyzing all subjects, the subjects were then stratified by sex and by time from onset until first consultation (<24 months and >24 months).
Statistical analyses were performed using SPSS 11.0J (SPSS Japan, Tokyo, Japan). All tests were 2-tailed. The level of significance was set at 5% . Subjects with a stuttering developmental phase of 1 at the time of first consultation at a collaborating research institution had a significantly higher recovery rate than subjects with phase 2 or greater. Table 2 shows the results when age at first consultation, time from onset until consultation, and s t u t t e r i n g d e v e l o p m e n t a l p h a s e a t t i m e o f consultation were simultaneously entered into a p r o p o r t i o n a l h a z a r d s m o d e l . A s t u t t e r i n g developmental phase of 1 at the time of consultation was associated with a significantly higher recovery rate.
The results of univariate analysis according to sex are shown in Table 3 . Female subjects aged 36 months or younger at the time of first consultation at a collaborating research institution had a significantly higher recovery rate than subjects aged 37 months or older. Likewise, female subjects who received consultations at collaborating research institutions within 24 months of onset also had a significantly higher recovery rate than female subjects who received consultations at 25 months or later after o n s e t . F e m a l e s u b j e c t s w i t h a s t u t t e r i n g developmental phase of 1 at the time of consultation at a collaborating research institution had a significantly higher recovery rate than subjects with phase 2 or greater. Male subjects with a stuttering influences of these three variables, an age of 36 months or younger at the time of consultation and a stuttering developmental phase of 1 at the time of consultation were associated with a significantly higher recovery rate in female subjects. In male subjects, a stuttering developmental phase of 1 at the time of consultation tended to be associated with a higher recovery rate.
The results of univariate analysis according to duration from onset to consultation are shown in Table 5 . In stuttering children who received consultations at collaborating research institutions within 24 months of onset, subjects with an onset age of 24 months or younger tended to have a higher recovery rate than those aged 25 months or older, and subjects with a stuttering developmental phase of 1 at the time of first consultation had a significantly higher rate of recovery than subjects with phase 2 or higher. In subjects who received consultations at collaborating research institutions 25 or more months after onset, male subjects tended to have a higher recovery rate than female subjects.
Characteristics that were associated with recovery in subjects receiving a consultation either within 24 months of onset or 25 or more months after onset on univariate analysis (sex, onset age, and stuttering developmental phase at first consultation) were simultaneously entered into a proportional hazards model; the adjusted results are shown in Table 6 . In stuttering children who received consultations within 24 months of onset, an onset age of 24 months or younger and a stuttering developmental phase of 1 at the time of first consultation were associated with significantly higher recovery rates even after adjusting for the mutual influences of the variables.
Female subjects also tended to have a higher recovery rate than male subjects. In stuttering children who received consultations 25 months or later after onset, the relationship between sex and recovery disappeared.
The results of multivariate analysis using all subjects suggest that stuttering developmental phase is a predictive factor of recovery independent of time from onset until first consultation, which is known as a predictive factor of stuttering recovery 3) .
Stuttering developmental phase is a consistent predictive factor of recovery even in analyses stratified by sex. In reports about the relationship between severity of stuttering and lack of recovery (persistence), having blocks and prolongations as major symptoms or having a high proportion of blocks was associated with persistent stuttering 7, 8, 17) .
Considering blocks and prolongations in this research, the recovery rate was higher in phase 1 cases (which display only prolongations), which is consistent with the previous reports.
In analyses stratified by time from onset, stuttering developmental phase was a predictive indicator of stuttering recovery only in the subjects that received consultation at a stuttering treatment facility within 24 months of onset. If children receive it is necessary to examine the influence of these withdrawals. When the analysis was conducted only for the 73 subjects who either recovered during the observation period or were still receiving therapy at the end of the observation period, the differences in recovery rates between categories of the subjectsʼ characteristics were essentially the same as those presented in Table 1 (the results upon request to the authors). There were no significant differences in sex distribution, developmental phase distribution, average onset age, or average age at first consultation at a collaborating research institution between the 73 children who either recovered during the observation period or were still receiving therapy at the end of the observation period and the 24 children who withdrew from the study during the observation period. In addition, between the withdrawals and those who did not withdraw, there was no difference in the proportion of children who were observed for 24 months or more since the stuttering onset (70.8% in the withdrawals vs. 74.0%
in those who did not withdraw). The period of 24 months since the onset is the time when the cumulative recovery rate is reported to plateau 1,5) .
According to those similarities, it is unlikely that the observed associations between recovery and the characteristics of stuttering children were biased by the presence of withdrawals.
Finally, spontaneous recovery from stuttering is well known 19) , and it is thought that children who spontaneously recovered were present among the subjects of this study. It is necessary to keep in mind that the results of this study indicate factors relating to recovery when recovery due to successful treatment and spontaneous recovery are not distinguished.
The relationship between stuttering recovery and pre-treatment characteristics of stuttering children was examined by performing a longitudinal study of stuttering children receiving consultations at stuttering treatment facilities. Characteristics that were associated with recovery were found only when children received consultations at a treatment facility within 24 months of onset. Onset age of 24 months or younger, female sex, and a stuttering developmental phase of 1 were associated with a high recovery rate in a mutually independent manner. The period within 24 months of onset is not just the time when stuttering is easiest to treat (as indicated in previous research), it is also important as the period when factors relating to stuttering recovery are observable. It is possible to predict the prognosis of treatment begun during this period based on onset age, sex, and pre-treatment stuttering developmental phase.
